Motor slowing, forebrain white matter loss, and striatal shrinkage have been reported in premanifest Huntington's disease (HD) prior to overt striatal neuron loss. We carried out detailed LM and EM studies in a genetically precise HD mimic, heterozygous Q140 HD knock-in mice, to examine the possibility that loss of corticostriatal and thalamostriatal terminals prior to striatal neuron loss underlies these premanifest HD abnormalities. In our studies, we used VGLUT1 and VGLUT2 immunolabeling to detect corticostriatal and thalamostriatal (respectively) terminals in dorsolateral (motor) striatum over the first year of life, prior to striatal projection neuron pathology. VGLUT1+ axospinous corticostriatal terminals represented about 55% of all excitatory terminals in striatum, and VGLUT2+ axospinous thalamostriatal terminals represented about 35%, with VGLUT1+ and VGLUT2+ axodendritic terminals accounting for the remainder. In Q140 mice, a significant 40% shortfall in VGLUT2+ axodendritic thalamostriatal terminals and a 20% shortfall in axospinous thalamostriatal terminals were already observed at 1 month of age, but VGLUT1+ terminals were normal in abundance. The 20% deficiency in VGLUT2+ thalamostriatal axospinous terminals persisted at 4 and 12 months in Q140 mice, and an additional 30% loss of VGLUT1+ corticostriatal terminals was observed at 12 months. The early and persistent deficiency in thalamostriatal axospinous terminals in Q140 mice may reflect a development defect, and the impoverishment of this excitatory drive to striatum may help explain early motor defects in Q140 mice and in premanifest HD. The loss of corticostriatal terminals at 1 year in Q140 mice is consistent with prior evidence from other mouse models of corticostriatal disconnection early during progression, and can explain both the measurable bradykinesia and striatal white matter loss in late premanifest HD.
Introduction
Although considerable attention has focused on the role of differential striatal projection neuron loss in the progression of HD motor symptoms (Deng et al., 2004; Glass et al., 2000; Reiner et al., 1988; Richfield et al., 1995) , little attention has focused on the neuronal pathology underlying the emerging motor symptoms reported in premanifest HD individuals. For example, numerous studies have noted that premanifest HD individuals are slowed in the initiation and/or execution of a variety of motor tasks involving the eyes, hands or lower limbs (Bechtel et al., 2010; Biglan et al., 2009; Blekher et al., 2004; de Boo et al., 1997; Delval et al., 2011; Kirkwood et al., 1999 Kirkwood et al., , 2000 Rao et al., 2008 Rao et al., , 2011 Siemers et al., 1996; Tabrizi et al., 2011; Turner et al., 2011) . This defect is mild in premanifest cases not yet near clinical onset, but more severe in those near onset (Bechtel et al., 2010; Kirkwood et al., 2000; Rao et al., 2008 Rao et al., , 2011 Rupp et al., 2010) . Diverse types of imaging studies (computed tomography, magnetic resonance imaging, positron emission tomography, and diffusion tensor imaging) show that these growing motor symptoms in premanifest HD occur in parallel with a slowly progressive loss of cerebral and striatal white matter (Aylward et al. , 2006; Grafton et al., 1992) , and reduced striatal activation during behavioral tasks (Paulsen et al., 2004; Wolf et al., 2012) . Nonetheless, the limited neuropathological studies of premanifest striatum have reported little or no neuronal loss, particularly in the motor striatum (i.e. putamen) (Albin et al., 1991; Vonsattel and DiFiglia, 1998; Vonsattel et al., 1985) .
These findings in premanifest human HD raise the possibility that the very earliest motor defects in HD victims may be related to the loss of afferent connectivity of motor striatum with its major sources of excitatory input -cerebral cortex and thalamus. Both inputs mainly end as terminals that make asymmetric synaptic contact with dendritic spines of striatal projection neurons, which make up the vast majority of striatal neurons (Albin et al., 1989; Gerfen, 1992; Reiner and Anderson, 1990; Smith et al., 2004; Wilson et al., 1982) . The input from cerebral
